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higher recall than the verbal on' high imagery lists ana lower recall 
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position ef€ect was found for the two imagery instrticted groups • • 
receiving .high imagery lists. All other conditions showed^ strong' 
serial position effect. The ' comparison of the^two mmamonic systems 
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to create an image for the medium imagery items interfering with - 
finding an effective mediator.' (Author) ^ » 
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Multiple Serial List Leaiming' with Two ifaiemonic Techniques 



^Paul;!. Mars ton and Robert K. Young " 

^ ' \ ^ ■ ^ • ' . * - • ' ' 

1;^^ Utliversity-'of Texas at Austin ' ^ ^ ^ 

V / ^ , . 3^ ^ ' ■ ■. « 

Mnemoni^' technique^ making use of imagery have a long histtory. 

^ . ' ' ■ ' , ' . 

Witlv the classic t^chillque, the method of leci, a serial list such a% 

• ' ■ ° . / • o ^ . : ^ ' 

the topics in a spefech was learned by associating each item in the list 
with a location on a well knovti path. The usef pictured the^to-j^be- 
remembered item/ at the location appropriLate to it§ order. "To retfrieve* 
the list, the^^user .imagined traveling to each locus to find what was 
piq tureA-^the^e . 



/Studied with" this method have shown subjects us$ng it to be superior 

/ ■ * 

^tro those receiving 'rote repetition instructions or to those given no 
special instructions (Ross and Lawreijce, 1968; Gxoninger, 1971). Ross 
and Lawre/ice had five subjects learn four lisi^S of 40 concrete nouns at - 
one list per day. » On the last .day, 72 per cent recall was found for all 
lists. !£n addition, there was an absence- of the classic serial position 
effect (i.e», recall was not worse in the middle o'f the list). Groninger • 
found his loci gfoup learned faster, recalled 'more, an^ made fewer seri^al 
position errors than the control *group. He found the difference between c 
the loci and controj gtpup increased at- recall delays of one and rive weeks* 
* The method of loci presents some pohtrol problems because the* pathway . 
tifids ^to -vary from one laboratory to another* ^ To overcome this problem, 

^the rhyming peg list was developed (see Paivio^ 197r)^u^It preserved the, 

• . . ' . • ^ ^. ^ 

sequential and high imagery ^characteristics of the loc^ yet allowed, 



, . . . N V Multiple Serial,, ; 

' ' ■■ ' ' ^ ' : ' . ■ 

•standardization of the mnemonic items. The Wgs were words that^ fchymed- , 
with, each ordinal position number* 'Typical'Joj^, these were "one-bun"; ^ 
•'Vtwo-shbe",' "three-tree", etc. The rhyraing-v^charact eristic made the^ 
mnemonic easy learn. ' , , 

; . ^ The peg mnemonic aided in recafl of! high imagery lists. Bugelski : 
.(Bugelski, 1968; Bugelski, "Kldd, and Segtaen, 1968) had subjects learn Six 
lists of ten items using either pegs or standard .serial instructions. "The 
peg. group showed much highcii: performance for both immediate^ anii total recall. 
With mnemonics, the rate o£ presentation must not be too fast. Bugelski 
et. al. found f aciiitajtton With pegs occurred when the lists were mresented 
at rates of four or eight seconds but hot at two s'ecorids, a rate typical 
'of rote stucfies. 'Like loci subjects, tl\ose using pegs showed almclst no 
SQrial position decrement in the middle/of a twenty item li$t (Persensky. . 
and Senter, 1969). ^They and others (Bower, 1970) interpreted this finding 

in t^Tms of a reduction of interferences because the mnembniG["had changed 

^ . ' ^ ' , '* • *' 

the serial task intd* a paired-associate one. 

' ■ " . ^ / 

The peg and loci mnemonics appear to have similar effects at least 

when the matWrial learned was fairly high in imagery-. Going fromvhigh 

to low imagery in paired associates retards rate of learning. This effect 

appears to be mosjt pronounced on the stimulus side of ,the pairs (Paivio, 

1971). The effects o^ instructions also depend on pair imagery. . Those 

subjects required to reproduce their mediators showed an interaction be-' 

ViJe^±nstT\xct%oviQ (verbal or imagery mediation) and pair imagery (Paivio 
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^nd Foth, 19^6)'/ &hage/y Instruction?, were best for concrete material 
whereas sentertce instruc^lQns'we'ir.e'best for abstract, pairs; Con&eteness 

^nd Imagery have;been .found to.be highly correlated (Paivio, yuiller-^iid 

' ' '.*,'■■*" 

Madigan^ 1968). . ' . * , ^ . . 

. . , \ ' * / * ^ , • ' • 

- ^ Paivio <J.971) ^tributes the gain from iiuagery instructions to the 

c'reation of a dual memory dode. High imagery it^t^ar^B encoded both visu- 

ally and^ verbally While .I9W imagery items have only av verbal code. The 

high imagery items are* better recalled because these it^s can ^^je^f etirieved 

usiqg either code. The existence of the dual code by itself aids paired 

associate and free-recall learning, but in serial learning^ the ovferlearned 

mnemonic is required to prpvide sequential informatiorT^om the verbal 

Store, because only the verbal code provides sequential information. f 

The use of the same mnemonic to Idarn s.everal lists, progressive 

Elaboration, has been studied hy Bower and Reitman (1972) and Crovitz 

(1971). In these studies', subjects were instructed to form only one ^ 

image Ibv each peg^-or locus. Items from succei3sive lists were thi^ added ^ 

toithe appropriate image. .Progressive elaboration x^s superior instruc-, 

, tions to form separate images for each list except on the last trial' of 
i . , . . ' 

immediate recall (Bower et. al.)v After one* week, progressive elaboration^^ 

exceed the single , image groups on all lists. - , ^ 

An alternative Explanation for the effectiveness of t^e mnemonics 

is possible. The combination^ of instructions and mn«fnonic could^aUSj^ ^ 
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subjects to form efficient verbal meHiators. Instead of the rote or 
uninstructed control group$, the appropriate control group to test this 

4 . * ^ ^ ' 

i hypothesis is one itistmacted to form verbal mediators. When subjects were 

asked to, teport their mediators in a free-recall ^tudy (fioltwood and^ 
Blic^ 1970), the narrative, ^ verbal-mediation mnemonic, was the most ^ 
^ vf r^quently reported^ None of the subjects in this experiment reported 
using imagery. The narrative technique was ^^Dund to be effective in 
learning 12 lists of te^ it^m^ by Bower and Clark (1969). Mondani and 
Battig'^(1973) instructed subjects in both verbal^and imagery mediation 



and then tested them on a list with both stimulus and response concrete- 
' ness varied. Few, imagery mediatora were reported for abstract pairs. 
Good learners were marked by their. ability to switch strategies. 

The two mnemonics., were compared iri only one of the stvfdies cited. 
In that one (Bower an^Reitman, 1972) , the method of loci was used only » 
under" proglressive elaborailion instructions . Item imagery, which was a 
critical factor 'in the effectiveness of instructions with paired-associates, ^ 
was varied in only a, f^w studies of serial lists. When 'imagery was varied, 
it was at the iftlgh and low ends of the Paivio et. al. norms (1968). Picking 

. .words from. the low end Severely limits the number of available item^ compared 

\\. ^ 

to the high end. Using words from the middle imagery range'might prov.ide 
additional information about the relation between the imagery dimension 

* * • • :\ ^ * ' 

1 ; and learning. \ » •» 
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Method 

Subjects , The subjects were 102 introductory psychology students 
who were run in groups of four or fiye per experimental cpijdition," accord- 
ing to 'a prearranged random schedule. In addition, the data from nine 
subjects were not used because of failure to learn their mnemonic list. • 

Majterials and Design . The design was a mixed model with Between- 
sub^jects variables of mnemonic (peg or loci), instructions (progressive 
elaboration, imagery, or verbal mediation), and degree of list imagery 
(high or medium). Within subjects variables were Lists and Serial 
Positior\ (20 items per* list). An additional Between-subjects variable, 

(six.fiigh and six medJ^ufe imagery lists) was ,!Lised to control for specific 

i * 

list differences. 

' The high and medium lists were selected from two pools of items 

randomly selected from the Paivio et. al. norms. High imagery lists 

had items rated 6.00 to 7.00 on imagery while 6n the medium listB had 

items rated 4. Ob to 5.00 on imagery. Words were limited to nine letter^ 

to minimize length differences across imagery level. The words were 

assigned bo six-y^sts^in each imagery level so that associations within 

li^ts were at a minimum. . • 

The loci Tiinomonic consisted of a list of twenty landmarks (e.^g. , . 

building?, TiaHfij, stores, etc.y that were' found on a walk around campus 

well known tp undergraduate students, the peg mnemonic was a local 

vers^'ion of the one used by Bower at\d Reitmah. * For numbers greater than 
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ten, strong asisoclates (e.g. ,"slxteen-Jcls&", "elghteen-vqte", etc.) 

\^ ■ ' 

were used instead of the "penny-on§" rhymes. 

«& ■ • 
All stimuli were photographed and" projected as negatives MDne at 

a time on a screen in front of tiie^ subjects' table. The mnemonic lista 

were presented in constant .serial order and had' a digit above each / 



word corresponding to the ordinal position. This digit was not Included 
on the words for the test lists,. An' electronic timer control|,ed the 
presen-tation rate during the lists wfule a stopwatch was used to time 

the test periods. All responses were recorded in an answer booklet. 

I ' * » 

Procedure , ^he sjequtince of events, consisted .of four parts: (1) 
four study-test trials on the mnemonic 3.is4:, (2) presentation of the 
mediation instrucCionSy (3) one s^:u]^y-test trial on each' of the 'three 
test lists,, and (4) a cued recall over, all three tefft lists. , In^ th^ 
initial instructions, subjects were' told that the experiment would re- 
'quire the learning of a number of lists in serial order. The experiment 
then read thi:oug1i. the mnemonic list^Jl.e., peg or loci) and explained 
either that the items were associated with the first twp^nty numbers or 
that the items i^ef^ a list of twenty locations on a;Walk around campus. 
Standard Qtudy-'test s^'rial instructions -rwere then given f or iGarfting 
the mnemonic list.* Ttie lists were, presented at 5-second rate with a 
2-minut# test trial after each study trial. The subjects were reminded 
"to w?:ite the lis^is/ijfi serial order feefore' the first test trial. ^ 
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The mediation Instructions were given at the conclusion of the 
last mnemonic test trial. The e^perlmeyiter explained that the list 
i:hey just learned could be used to learn the subsequent lists. The 
Instructions differed from this point, according to the co<idltion. 
Verbal mediation groups were -told that by forming an active sentence 
usiing the mnemonic word as the subject and the new word in that 
serial position as the object it w6uld help'* them learn the list. 
Imagery and progressive elaboration groups were told they could remem- 
ber the^ list better if an Interactive image was made using th'^e mnemonic 

i ' ^ • 

itemjiind the corresponding lipt item. The progressive elaboration 



groups were given the addition£Q.y<£nstructions t^at it was,eas|ier to 
learn subsequent lists if images for the new items were incorporated ^ 
into the original image for each serial position. Two examples were 
given tislng ''the same wordS for all groups. The subjects were told there 
would be only one trial o^n each of the lists so they should learn as 
many words as possible on each trl&l. They were reminded to write the 
words in order and told that any \^Drds recalled lOut of order should 
written in a separate place on the answer sheet. Tl>ese later recalled 
words were scored as serial position errors 4 List's were presented at a 

\ * • . 

lO-second rate with a 4 l/2-inlnute test period after each list. 

After the test on tl\p thl^d list, a 5-mlnute cued recall test was 
gi^en .over all three lists. ' The answer page for this t£isk consisted of 
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the twenty peg^ or loci and spaces fot the words on each list. At the 
end of tlie cued recalJt, subjects were asked to fill out a questionnaire 
on the techniques used to learn the lists. 

^ Results 

All lists were scored for number correct by both serial and free 
^recall criteria. The two methods gave slmll^ results so all references 
are to serial scoring unless otherwise noted. Unwelghted^means analyses 
of variance were used for all tests. 

Mnemonic Lists . All "but one subject were able to recall the twenty 
mnemonic Items by the fourth trial, A mixed model analysis of variance 
with Between-subjects factors, Imagery/Mnemonic Type/lnsti^uctlons/Verslon 
and Withln-subjects factor Trials showed some differences In recall- of 
the mnemonic lists. The mnemonic column of Table 1 shows the mean 



insert Table 1 aboift here 



number of correct Items across four mnemonic trials. Groups that later 
received medium- Imagery lists with Imagery Instructions showed low recall 
on the mnemonic lists while those groups that later received the same 
lists with verbal mediation Instructions showed high recall. This gave a 
significant Imagery X Instruction -Interaction, £ (2,78) = 3.8^, p < ,05. 
Low recall was shown by groups getting peg lists while higher recall was 
shown by' groups getting loci lists who were to receive >verbal mediation 
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instructions. This ^yielded a significant three-way interaction of 
Imagery X Instructions X >Inemonic^ F (2,78) 6.90, p < .01. 

Innnediate Recall . A mixed model analysis of variance witb' 
Between-subjects factors Imagery /Mnemonic Type/Instructions/List 
Version and Within-subjects factors Lists/Serial Position was used 
VithHhe^-^ immediate recall data. As ^expected, high imagery words 

were better remembei;ed than m'edium with (1,78) 33. 5y, p < \01. 

* ■ . /f ... 

Th^se data are shown in the study-test column of Table 1. Perfor- 
mance increased across lists and showed a warmup/practice effect 
from the first to the second and third lists, (means vere 10.4, 11.6, 
and 11.5 respectively) giving a List effect > (2,156) ° 4.79, p < .01.' 
A marked interaction was fcrund between type of instructions and list 
imagery .V On high imagery lists, imagery instructions yielded higher 
performance than- did verbal mediation instructions. But on medium 
imagery lists, the reverse was true. Examination of the secic^id column' 
of. Table 1 shows that item imagery affected recayl only for the subjects - 
given some type of imagery instructions. The Instruction .X Imagery 
interaction was significant for free recall scoring JF (2,78) 4.59, 
p < .05 but only marginally significant for serial scoring £ (2,78) ° 
2.7t), .05 < p < .10. Post hoc tests. showed the differences between 
high and medium imagery groups were significant for both types of ^ 
•imagery instructions, p < .05, and nonsignificant for verbal mediation 
instructions, p > .05. * 
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Examination of serial pc^sition effects showed that most of the 
differences in recall were for the items in the middle of the lists. 
An overall significant quadratic trertd Was found across^ serial ^ 
position F; (1,78) ° 122.16, p < .01. The quadratic serial position 
trend showed a significant interaction with imagery F (1,78) ° 20.%, 
p < .01, and with list F (2,156) ° 6.79, p < .01. On Tiigh- imagery . 
lists, the verbal mediation groups showed a typical serial position 
curve. In contrast, both imagery instructed groups showed almost 
constant recall across all serial positions. Figure 1 shows the 
interaction of Serial Position X Imagery X Instructions F (38,1482) ° 



Insert Figure 1 about here 
w ! : 

!f ^ ■ * 

1.85, p < .01. The solid lines ate the least squares fit for a second 
degree polynomial. The trend analysis showed a signfficanti quadratic 
Serial Position X Instructions X Imagery interaction £ (2,78) ° 5.96,. 
p < *01. On medium lists, all groups exhibited the typical serial- 
position effect. .1 

Serial position effects were found for all three lists ao sup- 
ported by a significant linear Serial Position trend F (1,78) ^ 18.75, 
p < .01. The linear Serial Position X List interaction was significant 
F (2,156) = 6.47, p < .01,' as was thq interaction with- Imagery X List 
F (47156) « 2.67, p < .05. • . 
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The two mnemonic techniques were^ not equivalent across imagery 

levels. The peg list .Vas, inferiors to loci for medium-imagery lists J 

^ given verbal-mediation i^istructions as shown in column' two .of Table 1. 

This . gave a significant Imagery X^'fnst ructions X Mijembnic interactioii. ^ 

. F%(2,78) = 3.28, p- ^" ,05. • y 

Cued Reckll . A mixed' model analysis of v.ariance was also performed 

on the cued recall data with Between-subjectS |f actors Image^ry /Mnemonic 

' 'T3(pe/ InstrucC|ions /Version aiid Within-subjects factors Lists /Serial 



V "^Posftion. Coidaij/three of Tabl^e 1 sh<^s tha.t recall^was higher for ^ 

> highritnagery lists yielding 'a significant imagery, effect (l,/8) = 19.81, 
.'Ol. instead of the warmup' observed in the immediate recail data. 



<xued recall showed a strong j^ecenc^ef f ect ac^ss lists 1 to 3 (i^ari " 
co55.t,eGf were-4.6, 6.3, and 8.7 respe'ctively) giving ^a significant list 
effect^ (2,156) =='25.90, p < .01. An analysis of variance that SH^^ 
dluded the two recall measures'^ as a>,.f,actor, dela^?-, showed the Delay X 
L±!st' int^i^action wias significant (2,156) = 25*69, p < VOl. 

Verbal-mediation' instructions**had an even stronger effect jthari on 
iflimediate recall. This gave a significant Instruction X imagery inter- 
action JF (2,78) = 4.70, ^ < .05. There was a mean difference of six 
•items between the two list imagety levels for groups receiving ^imagery 
instructions and a difference of less than one item fior groups receiving .« 
verbal-mediation instructions. These data are shown in the cued recall 
column of Table 1. ' Post hoc tests showed that the difference between . 
high and mediiJttn lisT^ wfe^^^^^ i^ia^ery instruc- 

tion ,c6nddPt ions, p < .05, hj^^jt^ not: for vferbal mediation groups. 

*■ ■ ■ . ■* . ■ .\ 
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/ ; Large diff^tS^nces ia serial-position cutves were not evident 

■■■ • • ■■ " . ■. • ' • • ■ ■■ . . -'■'i. 

Iri the cued-reGell data. The only sighif Icarit effectf^ 

pp9lt^ionY'(l-9,l'^82) '= :?,7.05, p < .01, linear . serl^^^ U,'78) - 

103; 59V P ■ < Oi^' ^4 quadratic serial position; % (1*7.8 ) '. ~ ^5 . 12 , p < . 01* 

• ■ ■'- ■ .. • ' ■■■ '.-.>■ . '. ■ . ■■' ■ ■■ .- ■ • 

tfhe imagery and verbal mediation instructions resulted in almost parallel 
serial-position curves^ As^ expected, no recenc^^'e^^ct^ Were found within 
lists since this was a free-recall task. (ScoUjPS . jeceiving: the peg 
Mnemonic did better on high-imagery lists while groups receiving the _ ^ 
loci mnemonic did better on the^medium-itnagety lists giving a signifir- 
^^.^nt Mnemonic X Imagery X Serial ^Position inter actiofh F (19,1482) 2. 21, 
p /Ol. This was different from the immediate recall results as 
.9h(^ by a- significant Imagery X Instruq|?5.bmX Mnemonic Delay inter- . 
action F 42,78) = 6.14, p < .01. " - N^ ^ ' / " 

The two vers ions of the list were not significantly different on. 
either immediate or eu^ed recall. There wer^, however, some significant 
higher order interactions Of^Serial Position and the tW9,yersioti^ of the. 
lists. These were judged to .be the result of th^"llst3 not being matched 
on a word *f or word basis and wete considered artif actual. ^ ' 

Discussion ' . ' ' * . 

,The interaction found between ti\ediation instructions and list 
imagery agrees with the predictions of the dual^encoding hypothesis 
; (PaiVit), 1971)-. According to ^he hypothesis, all iteins are encoded 
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verbally, arid in addition, magery instructions le^d to yisi^al encoding. 

•'• ^ . ^ - ) i ^' • • ^ ' ^ • ' 

The ease of creating this^code ;ls directly related to ttiq level of 

imagery. This type of interaction- has been found for within- list • 

experiments using paired-associate learning (Palvlo and Foth, 1970; 

Robbing, Brag,' Irvin, and Wise, 1974). Jn these studies,- as in the 

current one, imagery iris tructltons yredjil ted in higher performance on 

high-imagery listir while^verbal-media Son Instructions yielded higher 

performance on low imagery ones, ^ > * * 

In the dual encoding hypothesis, the« vefbal store is characterizeji- 

i • - 

by serial position effects because it is arranged sequentially. The 
visual store, hovf ever, 'should npt*^ show sequential effects because it 
is a parallel system. If interference^ from the 6n,ds. of a list is taken 
£ts the source of the serial ^pdsition ef f e^p*^ then the magnitude of 
this effect would be a measure of tint erf erenit^. Only the verbal- 

mediation groups" showed any ferial position effect on high-imagery 

' • ' ■ . . .'-.^ . • ' • ' .'^^ 

lists, in agreement with the hypothesis that it has acycess to the verbal 
stor6. , All instruction gr6ups showed serial position effects on medium 
l^sts arguing that the visual store was not available for this type of 
item. Larger losses for verbal mediation groups at the ends of the 
lists on cued recall also argue for greatet interference fot these 
groups. Considering medium-imagery lists only, the imagery instructed 
groups evidenced the greatest loss Over the dela^V ^ This is consistent 
with the «hypothesis that these grouped do not have^ a good ^visual code. 
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The lack of a difference^ between single image and progressive 
elaboration is puzzling. Bower and ReitMn^ found that progressive 
&aB^ratiou instx^ictions increased recall^'^&.ative to single- imagery 
instructions and reduced between-li&:^ interference. ' It may be 
necessai^ to give the subjects pracjuice' on the tfechnic^ue,, as;they did, 
for xt to be- effective. * .\ 

Jt should be noted that the medium-imagery lists produced recall 
patterns similar td low-imagery libts ixx other studies. In light of 
this, ^ the concept oft imagery ^s a continuous variable within subjects 
should be questioned. It may be jthat imagery' is a binary variable 
(i.e., a word tan be imaged or it cannot) that appears continuous. 

'\ ' ' ' 

only because of large inaividual differences. /The large standard 
deviations in the^idrange of the Paivio et. al. norms is in accord 
.with thisi hjHPOthesis. Additional research- on this question is needed. 

The peg and loci mnemonics did not show equivalent effects. 
Because the mnem\)nic differences involved interaction with the other 
main variables., any conclusions must be guarded. The most striking 
differences between mnemonics invol'v^ed grdups getting verbal-mediation 
instructions! Loci subjects showe'd slightly* better performance with 
medium- imagery lists for both ixrane^^Late andr-tued recall. The peg. 
subjects under verbal mec^^tion, however, showed poor performance on 
mediipi- imagery lists for bolti recalL tdsks. A possible exf)lanatioh 
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^ for the differ.^nce in mnemonics is that narratives -were used to 
, * remember the medium lists. These hav^ been reported as an' effec- 

-Nv tive technique for leSrning' serial lists (Bower and Clark, 1969), 
. . and might be especially 'useful wittl the mediuHa- imagery material. 

> ' ^ J. ' ' ' " ■ ^ ' • " • 

If this was the case, the inherent theme in the, walk aroUnd campus 
would provide a pood organization for the narrative using loCi. • 
\ ^ For imagery ^instructions, the two mnemonics *were similar . ,^ 

. There w^s a slight advantage fdt the peg method, .especially on . 

' * irfedium imagery ^lists. Qn the other hand^ loci groups sho;wed sma^Ller 

e * • , ' • " - ■ * ' 

losses when .measured on the cued recall .taskw Possibly, the subjects 

found the peg items easier to recall during learnjLng and thus had 

mo^re time td generate imatees. LoAger presentation times facilitate 

> the effect of imagery instructions iri paired-associate learning 

(Bugelski, Kidd, and Segrnen, 1968). ^ If the diffitiSlty is in t;he 

retrieval of the loci mnetoonic, then a cued-re^ll task should 

^facilitate the loci more fhan the peg groups wlu.ch did' happen. 

< * , 

The results' for the 'loci groups with -progressive elaboration inStruc-* 
'tions are hard to understand. , On high- itrtagery lists, the group 
showed the highesjit level of Imm^ediate t^ecal^ and the greatest loss -in 
cued recall. , Loci groups receivings single- imagery instructions, by 
contrast, showed smaller losses than the corresponding peg groups. 
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If the progressive elaboration groups t^re not considered, the loci 
groups show less loss from immediate^ to* <:ued recall than any peg 
condition. With ^tende^ pre training, the loci might x>ell become, 
the best'mnemonic litider all conditions, 'This would not be bo sur-. 
prising in view of its long history in the art of memory. 
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Table 1 , . 

Mean number of words correct using serial scoring for phases^ 



. (1) mnemonlG learning (4 tiJlals), (2) one st;udy-test trial for each 
of 3 l;L8ts, '^aiid (3) cued recall over all 3 lists. 
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